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Introduction

A widely used model for inv estigating
basic tumor
characteristics
and different
treatment
modalities preclinically
is the i mmune -d e fi cie nt, ath ymic nud e mouse . Thi s model offe r s many morpholo gi cal parallelisms
to the c lini ca l si tuation.
The aim of this st udy is to demonstrate
the
vascularization
pattern
of xe notra ns pl anted human
melanom as and sarco mas using different
methods.
Xenotransp l ant ed tumors of 62 congenita l thymusapl astic nude mice wer e exa mined ultrastructurally and topographically
after
corrosion
cast and
tissue
prep aration . Quantitative
measurements
of
tumors injected
with India i nk were carried
out
to obtain comparable i nform ation on the vascular
densities
in the t umors .
Quanti tati ve measurements s howed that
t here
is no zo nal, topographic
arra ngement of the vascu lar densities.
Compariso ns of the vascular
densities i n the centers of tumors wit h the densities
i n the periphery
s howe d an extreme heterogeneity
in tumor vessel distribution,
which does not gene rally
s upport the idea of a better
vasc ularisa tion in the tumor periphery.
Neither
i n the peripher y nor in the center
of the tumor regular vessels
are to be seen co nsisting
of inti mal, medial and adventitia l layers.
Even the largest
periphera l vessels,
which
often take a tortuous
course,
cons i st mai nl y of
an endotheli al layer and so me perivascular
co nne ctive tissue
only. Areas with high vascular
den s ities co uld be seen ju s t bene a th areas a lmost free
of vessels.
Besides endothelial-lined
vessels
numerous irregular,
tumor ce ll-lined
si nusoi ds are
vis ible both i n sa rcoma s an d melanomas. The morphology of the vessels found sca nning electron
microscopica ll y is generally
in agreement with many
features
described transmi ssi on electron microscopically.

Treatme nt of advanced soft
ti ssue sa r comas
and malignant
melanomas still
yie ld s disappoi nting results
and is often restricted
to sy mptomatic palliation.
A widely used model for i nves tigating basic tumor characteristics
and different
treatment
modalities
preclinically
is the immunedeficient,
athymic nude mouse ( Fl anagan, 1966) .
The nude mice are ideally s uited for such st udie s
because of their
immunol ogical defect
(Pante l ouris, 1968) .
A wide spectrum of human t umors has been reported to grow successf ully after transplantation
in these animals (Giovanella
et a l., 1978 a, b ) .
One of its advantages
is the prese nce of a f unctional vasc ul ar system which is lacking i n all invi t ro-assays .
Hirst
et al.
(1979) and Gabbert
et al.
( 1983) found that
tumor cell
pro l iferation
is
strongly
correlated
with their
position
in relation
to the blood ves s els.
It can be assumed
that the tumor-inherent
vasculature
also plays a
major ro l e in its se nsitivity
to therapeutic
meas ures, e.g.,
radiotherapy
and chemot herapy (Reves z and Siracka,
1984; Peters
et a l. , 1986;
Jain,
1988). Deneka mp ( 1984) and Rubin et a l.
( 1966 a, b) have suggested the vascular
endothe 1 ium to be the vul nerable element i n tumor therapy.
Thi s is also tru e for hyperthermia:
Van Beuningen and Streffe r ( 1985) have pointed out that
a success ful tr ea tment by hyperthermia
is s t ro ngl y conne cted with the tumor bl ood flow. Numerous
studies
(e.g.,
Hill and Denekamp, 1978; Overgaard, 1980 ; Song, 1978; Song e t al. 1980 ) sug gest that the effec t s of treatment
by hyperthe rmia are directl y cytotoxic
ones and also affect
the vasc ular syste m with s ubse quent nec ro sis.
Ultrastructural
studies
of the vasc ular sys tem are ne cessa r y in order to obt ai n more detailed
information
on the sites affec ted by tumor
ther apy . Grunt et al . ( 1986 a, b) have a lr ea dy demonstrated
conc lu sive ly th e development
and the
characteristic
s tructural
features
of the angioarchitecture
of the Lewis lung carcinoma by microco rro sio n casting.
Walmsley et al.
( 1987 ) have
tried to define differen ces of tumor vasc ul arisa tion i n old and young hos t s . However, s uc h sys te-
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and contrasted
in osmic acid solution
(Dalton,
1955). They were dehydrated
with ascending
grades
of alcohol
and amyl-acetate.
The specimens were
transferred
from the pure amyl-acetate
to fluid
propane gas in liquid
nitrogen.
After
complete
freezing they were broken with a scalpel,
retransferred
to amy1-acetate,
dried in liquid
CO2 by
the critical
point method, mounted on specimen
holders and sputtered
with gold in an argon-atmosphere.
They were examined wit _h a Stereoscan
180
scanning electron microscope (Cambridge ) at an acceleration
voltage of 17-25 kV.
Corrosion casting technique
Vascular corrosion casts were made from 9 melanomas and 10 sarcomas mainly as described
by
Hodde et al. ( 1980) and Lametschwandtner
et al.
(1984). After perfusion
with saline
and fixation
as described
above up to 35 ml of undiluted
Mercox CL-2B (Ja pan Vilene Comp. Ltd., Japan) mixed
with 1.5% catalyzing
substance was injected.
After complete hardening in a water bath c1t
40°C the tumors were dissected
and macerated in
15% KOH at 40°C . After complete maceration
the
casts
were rinsed and frozen in distilled
water
and some of them cut tangentially.
After freezedrying and mounting on specimen holders they were
sputtered
with gold in an argon atmosphere
and
examined with a Stereoscan
180 scanning electron
microscope (Cambridge) at an acceleration
voltage
of 10 kV.
Quantitative
Measurements of Tumors Injected
with
India Ink
In order to obtain comparable information
on
the vascular
densities
in the tumors, 10 sarcomas
of four different
tumor cell lines were injected
with India ink. The animals were thoracotomized
in deep pentobarbital
anesthesia
as described
above. After perfusion
with sa line thirty-five
ml
of water-proof
India
ink (te mperature
35-38°C)
was injected
by means of an olive-tipped
cannula
inserted
into the left
ventricle
as described
above. The mean pres s ure used for per fusion was
70-95 mmHg. After dissection
of the tumor, the
tissue
was frozen and coronally
cut into 5 µm
thick sections
in a cryostat
(Leitz 1720 Digital ). The sections
were stained with hematoxy lin
and eosin. The densities
of the ink-injected
vessels were measured with an automatic
image analyzing system ( Quantimet 970, Cambridge) at an objective magnification
of xlO. The size of the areas measured was 1. 92 mm2 , which corresponds
to
about 1,060,000
pixel
points
after
digitalisation.
In order to compare peripheral
and central
vascular
densities , two contra-lateral
fields
as
well as a central
field
was measured in each
case.
The whole tumor was measured to determine
the average vascular
density of the total
tumor
and the arithmetic
mean of all individual
areas
measured was calculated.
In this case, up to 40
areas were necessary depending on the size of the
tumor.

matic studies
have only been carried out on a few
experimental
tumors (Illig,
1961; Hammersen et
al.,
1983; Warren, 1979a, b) but not in the more
suitable
tumor model in nude mice: Several
authors have concluded that this model offers
many
morphological
parallelisms
to the clinical
situation ( Donhuijsen et al.,
1988 ) . Furthermore,
the
individuality
of human tumors with respect
to the
vascular
system is maintained
in the nude mouse
model (S teinberg et al., 1987 ).
The aim of this study is to demonstrate
vascularization
patterns
of xenotransplanted
human
melanomas and sarcomas using vascular
microcorrosion casting,
scanning
electron
microscopy
and
morphometry.
Materials

V. Budach

and Methods

Animals and Xenotransplantation
For our studies
62 male and female congenital thymus-aplastic
nude mice (NMRI-stra i n ), 8-10
weeks old, weighing 22-35 g,were used for transplantation.
The animals were kept under specific
patho gen-free conditions
at a room temperature
of
28 +/- 2°C and a relative
humidity of 85 +/-5%.
An undifferentiated
human amelanotic
melanoma and 6 different
sarcomas ( three leiomyosarcomas, spindle cell sarcoma, neurofibrosarcoma,
liposarcoma ) from patients
were transplanted
on 18
and 44 mice, respectively.
The surgical
specimens
were subsequently
cut into slices
three to four
mm in diameter and one mm thick.
In each animal,
one of these slices was inoculated
subcutaneously
through a lateral
rncis10n
at the level
of the
right
anterior
axi llary
line behind the foreleg
where the best growth r es ults wer e previously
reported
( Budach et al. , 1986 ). The wounds were
closed with tiny metal clamps whi ch wer e removed
five days later.
Serial passaging,
i.e. tran sp lantation
from animal to animal, was done in a si milar manner. The melanoma and the sarcomas were in
the seco nd and 6th-40th
passage respectively
at
the time of transplantation.
The tumor volumes
were measured daily.
The animals were sacrificed
10 to 28 days after transplantation
except for 13
sarcomas which were used for long term growth
rate measurements.
Scanning Electron Microscopy
The tumor tissue
from 9 melanoma and 11 sa rcoma-bearing mice was processed for scanning electron microscopy.
The animals were thoracotomized
in deep pentobarbital
anesthesia
(Nembutal, 8 mg/
100g body weight 1. p.) 20 minutes after
an i.p.
application
of heparin
(Liquemin,
500 IU/100g
body weight).
The vascular system was exsanguinated in most cases with up to 40 ml 0.9% NaCl ( temperature
38°C) given by means of an olive-tipped
cannula
inserted
into
the left
ventricle.
The
mean pressures
used for perfusion were between 7090 mmHgand the solution
temperatures
ranged from
35-38°C. The animals were then fixed by perfusion
at pressures
of 75-100 mmHgwith 2.5% cacodylatebuffered
glutaraldehyde
(pH 7.40,
860 mosmol)
with a total of 130 ml over a period of five to
ten minutes.
After
dissection
the tumors were cut into
pieces of 3 mm length and thickness
and postfixed
for 6-12 h in 2.5% glutaraldehyde
at 4°C. The specimens were then washed with cacodylate-buffer

Results
The xenotransplanted
tumors grew subcutaneously
reaching an average volume of l. 5 ml within two
to four weeks. In animals not sacrificed,
the tumors reached volumes of up to 15 ml. Even in the
same tumor entities
extremely
different
tumor
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fig.
1:
Surface of a xenotransplanted
melanoma
after dissection
and partial
removal of the peritumoral subcutaneous
tissue.
Note the supplying
and draining vessels (*), respectively.
Bar=50 µm
fig.
Za, b:
Freeze-broken
specimen of an
lanotic melanoma. Main vessels in the tumor
phery consisting
mainly of an endothelial
( e ) and some connective
tissue
( c ) . tc =
cells.
Bar in a= 50 µm, bar in b = 5 µm

ameperilayer
tumor

(fig.
l). The supplying arteries
are largely
derived from the lateral
thoracic,
the external mammarian and the superficial
epigastric
arteries.
Venous drainage takes place by numerous subcutaneous branches
preferably
into
the corresponding
veins (for details
see Grunt et al., 1986 a).
These arteries
and veins,
showing normal
structural
features
outside the tumor, lead into
intratumoral
vessels which are characterized
by a
widely different
architecture.
Regular
vessels
consisting
of intimal,
medial
and adventitial

growth rates could be measured ( graph 1). Metastases
were never observed in bone, lung, liver,
brain,
kidney and soft tissues
either
macroscopically
or histologically
during this
time.
This
parallels
the results
of Baste rt et al. ( 1981).
Contrary
to many experimental
tumors, which are
characterized
by invasive
and local
destroying
growth behaviour,
our xenografts
grew non-invasively.
The subcutaneous
tissue
formed a capsularlike structure,
through which the main supplying
and draining
vessels
pass to and from the tumor
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Fig. 4:
Impressions
of endothelial
cell
borders
and nuclei
in the main draining
vein.
Magnification of fig. 3a. Bar= 30 µm

Fig. 3a, b: Corrosion
cast specimens
of a melanoma. Peripheral
vessels
derived
from subcutaneous vessels
with ne ar ly normal branching
modes
form the "tumor vascular
envelope"
as described
by Grunt et al. ( 1986a).
v = main draining
vein.
Bars = 100 µm

Fig. 5:
Tortuous
courses
of vessels
the tumor (soft
tissue
sarcoma).
Bar=

layers
are neit he r to be see n in the periphery
nor in the center.
Even the largest
peripheral
vessels
with diameters
of 50-150 µm consist
mainly of an endothelial
layer and some perivascular
connective
tissue
only (fig.
2a and b).
Vascular
corrosion
casts
display
the course
of these
vessels:
Adjacent
to the xenograft
they
fol low normal courses
and branching
modes ( fig.
3a and b), thus partially
forming a "vascular
envelope"
as described
by Grunt et al.
( 1986 a).
The lumrnal
surfaces
of these vessels
show typical endothelial
cell
impressions
( fig.
4).
Frequently
these vessels
take a tortuous
course when
reaching
the tumor tissue
(fig.
5), where features
such as glomeruloidal
arrangement
or widening
and dilatations
-already
excellently
described
by Grunt and coworkers
(1986 a, b)-are
visible.
In the tumor itself
the vascular
system has
a much more chaotic
arrangement.
Very often
regions with clusters
of vessels
could be seen just
beneath
areas almost
free of vessels
(fig.
6a and

b ) . Both in sarcomas and in melanomas these
vessels form a sinusoidal
system with numerous blind
ends without
clearly
discernible
endothelial
cell
impressions
(f ig. 7a and b ). The diameters
vary
between
5 and 50 µm. Thus, they clearly
differ
from vessels
in normal tissues.
Freeze-broken
melanomas depict
the typically
occurring
vessels
in more detail.
Besides endothelial-lined
vessel s numerous irregular,
tumor celllined
sinusoids
corresponding
to the casted
network of sinuses
are visible
(fig.
8). Often the
endothelium
seems to be incomplete
and the di ff us ion
distance
to
the
tumor
cells
shortened
( fig.
9). The amount of vessels
with out or with
incomplete
endothelium
seems to be much higher
than the number of structurally
real
(giant)
capillaries.
A considerable
number of leucocytes
and lymphoycytes
were found both in the sinusoids
and interstitial
spaces
of necrotic
and viable
areas (fig.
10).
These different
types of vessels
also occur
in sarcomas
(fig.
11 and 12). However, at a first
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Fig. 6a, b: Corrosion
cast
specimens
demonstrating
the heterogeneity
in vascular
distribution
( amelanotic
melanoma).
Both
mic rographs
were
taken from peripheral
regions.
Note the differences in vascular
densities,
the absence of vascular hierarchy,
tortuous
courses
(arrow)
and flattening
of main vessels
(*).
a= artery,
v = vein.
Bars=
300 µm

Fig. 7a, b:
Vascular
corrosion
cast of the sinusoidal
system
in a sarco ma. Note the irregular
density
and pol ymorphy. Numerous bl ind ends ( *)
and changes
in diameter
(arrow)
are typical
features.
No endothelial
cell
imprints
are visible.
Bar in a= 100 µm, bar in b = 30 µm

glance there was no evidence
for a possible
correlation
of areas with different
cell packing densities in the single
xenografts
to the vascular
densities.
However, systematic
morphometric
investigations
are still
outstanding.
Quantitative
measurements
from 10 India inkinjected
sarcomas
suggested
that there
is no zonal, topographic
arrangement
of the vascular
densities
(table
1). Comparisons
of the vascular
densities
in the centers
of tumors with the densities
in the periphery
do not generally
support
the idea of a better
vascularization
in the periphery but, rather,
an extreme heterogeneity
in tumor vessel
distribution.
The great
variation
in
vascular ization
in different
areas of single
tumors parallels
the large differences
in the average
vascular
densities
in different
tumors
of
the same entities.
Thus, this
is contrary
to the
existence
of a tumor-specific
or tumor-characterizing
vascular
density.

Discussion
This study was designed
to examine the vascular
sys tem of xenotransplanted
human melanomas
and sarcomas.
Nearly all concepts
underlying
the
effects
of different
therapies
stress
the important
role of tumor vascularization
and great
efforts
have been made to define
such parameters
for predicting
tumor growth and curability
(S treffer et al.,
1986; Peters et al.,
1986). The importance of the vascular
system in tumor therapy
was
suggested
as early
as the last
century
(Gass mann,
1899 ) . Further
studies
on the vascular
system are
necessary
despite
a sizeable
body of 1 i terature
concerning
this
problem because most studies
have
been carried
out on a few experimental
tumors.
Fewer than 30 papers examining
the ultrastructure
of tumor vessels
have been published
during
the
last
four years.
Systematic
studies
of the vascular system in primary
tumors,
which are charac-
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Tu mo r
Sarcoma

mean
1/ 1
1/2
l/3

250
121
167

Per i. 1
201
73
53

Centr.
209
25
80

Peri . 2
215
98
12

11
/1
11
/2

501
60

22

750
33

380
45

111
/1
111
/2

100
94

76
100

117
107

58
33

IV/1
IV/2
IV/3

694
107
574

812
193
615

926
56
413

315
45
436

Table 1
ter ized by heterogeneou s growth rates,
mal ignancies
and therapy
responses
(S cherer,
1986 ) are
lacking
completely
( Rubin 1985; Jain,
1988 ) . The
xe not ransplanted
tumor on nude mice as favoured
by many authors
shows many parallelisms
to the human situation
.
This is clear
from the growth rates
of s uch
xenotransplanted
tumors.
The data in graph 1 s how
that
tissue
from the same tumor s hows completely
different
proliferation
rates
under similar
ex-

perimental
conditions.
Thus,
the
tumor
volume
doubling
times
and co mpari sons of the
vascular
densities
already
indicate
an extreme
degree
of
heterogeneity.
Thi s is in agreement
with results
of some
physiological
experiments:
This
heterogeneity
even exists
in different
areas
of an individual
tumor.
Vaupel
(1979 ) and
Vaupel
et al. (1981 )
have demonstrated
the heterogeneity
in p □ distri2
bution
and Endrich et al. (1982) have s hown vari-
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croscopy , who have found that all vessels uf amelan otic melanomas are structurally
similar
to capillaries
showing characteristic
gaps in their
flat endothelium.
In addition,
they have found numerous lacunary
vessels
the walls of which are
partially
formed by tumor cells.
Our own recent
studies
on the ultrastructure
of these
vessels
(Konerdi ng et al.,
unpublished
data)
have also
shown that the si nusoids described
in this study
using scanning electron
microscopy are frequently
lined
by the tumor cells
themselves.
Fenestrations were very seldomly seen in completely endothelially
lined
vessels
and the basal
laminae
wer e rarely developed.
There are severa l indications
that the vascular morphology is characteristic
of an individual
tumor: Solesvik et al. (1982) have reported significant differences
in the vascular
structure
characterising
the respective
tumor in five di fferent melanomas in nude mice. Microangiographic
examinations
of different
human tumors on nude
mice s howed a good correlation
of the radiological with the histopathological
findings
(Kra us et
al.,
1983). In their
review article
concerning
the evidence for and against a tumor specific
vascularity,
Vaupel et al. (1986) came to the conclusion
that the histological
type can modulate,
but not dictate
the vascular
pattern.
In addition,
they established
that up to now it is not
possible
to identify
a tumor from the vascular
structure
or function.
Blood flow in normal tissues
is regulated,
among others,
by sphincters
or contractile
cel l s.
There is evidence that,
at least
conditionally,
this
also applies
to tumor blood flow (Jain,
1988 ) . From physiological
experiments
both the
existence
and lack of such regulatory
means in human and experimental
tumors have been postulated
(Peterson,
1983; Appelgren,
1979). Abnormalities
in the vascular
morphology lead to abnormalities
in the functional
microcirculation
and vice versa
( Vaupel, 1979, Vaupel et al. , 1987). This is important
both for the pathogenesis
of tumor hypoxia and for therapeutic
measures. Hyperthermia,
for instance,
initially
induces an increase
in
blood flow and then leads to vascular
collapse
(Song et al., 1980; Mantyla et al., 1982). The results
of our study cannot explain the mechanisms
and further
studies
need to be carried out in order to do so.
Little
is known about the morphological
aspects of tumor angiogenesis
(Warren, 1979b), although the discovery
of the tumor angiogenesis
factor
( Folkman et al.,
1983; Crum et al.,
1985 )
has attracted
great interest
in thi s matter.
We
have not made an attempt to classify
the typical
features
of angiogenesis
in this study since this
has already been done very carefully
by Grunt et
al.
(1986 b ) . Moreover, a study of this
aspect
seems to be more problematic
after
t ransplantation
of solid
tumor slices
(se e materials
and
methods) rather than after injection
of cells.

fig. 8: Freeze-broken
melanoma with endotheliallined vessel (*) and numerous tumor cell lined sinusoids (s) . c = tumor cells.
Bar= 5 µm
fig.
9:
Freeze-broken
melanoma showing vessel
with presumably
incomplete
endothelium
(arrow).
The diffusion
distance
to the tumor cells
see ms
to be shorte ned. e = endothelial
cell,
c = tumor
cells.
Bar= 20 µm
fig.
10:
Amelanotic melanoma depicting
numerous
leucocytes
(arrows),
resp.,
lymphocytes in the sinusoids and interstitial
spaces. Bar= 10 µm
fig.
11:
Freeze-broken
sarcoma
with
loosely
packed cells and large sinusoids(*)
without endothelial
lining.
Compare with fig. 7a and b. Bar =
20 µm
fig.
12:
Vessel
of a freeze-broken
sarcoma.
Arrows indicate
sparse
endothelium
with little
perivascular
connective
tissue.
Bar= 5 µm
Table 1: Vascular densities
of 10 sarcomas with
mean values and densities
in the centers
and two
contralateral
peripheral
regions of each sarcoma .
Areas measured were 1.92 mm2 in size.
The mean
values
were obtained
by dividing
all
tumor
vessels
by the number of areas, which were determined by the tumor size.
Same Roman numerals =
sa me tumor cell line.
ations
in the distribution
of ischemic areas in
tumors. On comparing central
and peripheral
vascular densities,
it becomes evident that the vascular density is not the only determining
factor in
the development of necroses.
Even so, "classical"
central
necroses
have occasionally
been seen by
us although they cannot be described
from our experiments
as typical
features
as suggested
by
Grunt and coworkers ( 1986 a). In a previous study
with a greater
collection
of sarcomas on nude
mice (Steinberg
et al.,
unpublished
data ) it
co uld be sho wn that there is no correlation
of necrosis to tumor vascularisation.
The heterogeneity
of the vascular
distribution
by morphometric
measurements
was also
clearly
visible
in the corrosion
cast specimens
( fig. 6-9). In the periphery
they partially
depicted many parallelisms
to the "tumor vascular envelope" de scribed by Grunt and co-workers
(1986 a).
In this connection,
it would be interesting
to
distinguish
the possible
influence
of wound healing processes on the peripheral
tumor vascularisation and vice versa as well as on tumor growth.
Our results
showing no real arteries
and veins in
the tumor are contrary
to those of Warren (1979
a) but, instead,
confirm those of Grunt et al.
(1986 a) and Walmsley et al. (1987). We believe
that the arteries
seen by Warren (1979 a) might
represent
incorporated,
preformed
vessels
from
the host animals.
The morphology of the vessels
found in our
sca nning electron
microscopic
st udies generally
co nfirms the results
of other authors
( Grunt et
al, 1986 a, b; Walmsley et al., 1987 ) . This is in
agreement with many features
described
by Hammerse n et al. ( 1983 ) using transmission
electron
mi-

Acknowledgements
The authors are grateful
to B. Gobs, B.Scheuer, T. Joh. Schlegel and G. Trope for tumor transplantation
and preparation
of histological
and ultrastructural
specimens.
We are also indebted
to

333

M.A. Konerding,

F. Steinberg,

the Photographic
Group in our Department
for
supplying us with numerous photos.
We are extremely thankful to M. Blank (Institute of Anatomy) and C. Streffer
( Institute
of Medica l Radiation
Research)
for stimulating
and
helpful
discussions
and for the support of this
work.
Last but not least we would like to thank P.
Tamulevicius
for help with the English
translation and correction
of this paper.

V. Budach

Giovanella BC, Shepard RC (1978 b) Effect of
a caloric
restriction
on the growth of human tumors heterotran spla nted in nude mice.
In: The
Nude Mice in Experimental
and Clinical
Research,
Fogh J (ed) . Academic Press Inc., New York, 187214.
Grunt
TW, Lametschwandtner
A, Karr er K,
Staindl
O (1986 a) The angioarchitecture
of the
Lewis lung carcinoma in laboratory
mice. Sca nning
Electron Microsc. 1986;11: 557-573.
Grunt
TW, Lamet schwandt ner
A, Karr er
K
( 1986b) The character is tic structural
features
of
the blood vessels
of the Lewis lung carcinoma.
Scanning Electron Microsc. 1986;11: 575-589.
Hammersen F, Osterkamp-Baust
U, Endrich B
(1983) Ein Beit rag zum Feinbau terminal er Strombahnen und ihrer Entstehung in bi:isartigen Tumoren
(A contribution
to the fine structure
of the terminal blood vessels and their development in malignant
tumors).
In: Mikrozirkulation
in Forschung und Klinik,
vol. 2: Structure
and Function of
Endothelial
Cells,
Vaupel P, Hammersen F (eds),
Karger AG, Basel-MUnchen-Paris-London-New
YorkTokyo-Sydney, 15-51.
Hill SA, Denekamp J ( 1978 ) The effect
of vascular occlusion
on the thermal sensitization
of a
mouse tumour. Br. J. Radial. 51, 997-10D2.
Hirst DG, Denekamp J (1979) Tumour cell pro1 i feration
in relation
to the vasculature.
Cell
Tissue Kinet. 12, 31-42.
Hodde KC,Nowell JA (1980) SEM of microcorrosio n casts.
Scanning Electron Microse. 1980; II:
88-106.
Illig L (1961) Die terminale Strombahn-Capillarbett
und Mikrozirkulation.
Springer,
BerlinGi:ittingen-Heidelberg,
60-99.
Jain RK (1988) Determinants
of tumor blood
flow: a review. Cancer Res. 48, 2641-2658.
Kraus W, Fiebig HH, Schuchardt
C, Koch H,
Strecker EP (1983) Mikroangiographis che Untersuchungen verschiedener
mensc hlicher
Tumoren nach
Transplantation
auf thymusaplastische
Nacktmause
(Microangiographic
studies
of different
human tumors after
transplantation
on thymus aplastic
nude mice). Res. Exp. Med. 182, 63-70.
Lametschwandtner
A, Lametschwandtner U, Weiger T ( 1984 ) Scanning electron microscopy of vascular
corrosion
casts
- technique
and applications.
Scanning Electron Microsc. 1984; I I: 663695.
Mantyla MJ, Toivanen JT, Pitkanen MA, Rekonen AH (1982) Radiation induced changes in regional blood flow in human tumours. Radiat.
Dncol .
Biol. Phys. 8 (10), 1711-1717.
OvergaardJ(l980)
Simultaneous
and sequential
hyperthermia
and radiation
treatment
of an
experimental
tumor and its surrounding normal tissue in vivo. Int. J. Radiat.
Oneal. Biol. Phys.
6, 1507-1577.
Pantelouris
EM (1968) Absence of thymus in a
mouse mutant. Nature ill, 370-371.
Peters LJ, Brock WA, Johnson T, Meyn RE, Tofilon
PJ, Milas L (1986) Potential
methods for
predicting
tumor radiocurability.
Int. J. Radiat.
Oneal. Biol. Phys. 12, 459-467.
Peterson HI (1983) Innervation
von TumorblutgefaGen, EinfluG vasoaktiver
Substanzen und Regulation
der Tumordurchblutung
( Innervation
of tumor blood vessels,
influence
of vasoactive
sub-

References
Appelgren KL (19 79) Methods of recording
tumor blood flow. In: Tumor Blood Circulation,
Peterson
H-1 (ed). CRC-Press, Boca Raton, FL, 87102.
Bastert
G, Fortmeyer HP, Eichholz H, Michel
RT, Huck R, Schmidt-Matthiesen
H (198 1) Human
breast
cancer in thymusaplastic
nude mice. In:
Thymusaplastic
Nude Mice and Rats in Clinical
Oncology, Bastert G, Fortmeyer HP, Schmidt-Matthiesen H (e ds) Gustav Fischer,
Stuttgart-New
York,
157-182.
Budach V, Bamberg M, Donhuijsen K, Schmidt
U, Van Beuningen D, Stuschke M (1986) Serial xenotransplantation
of a human embryonal carcinoma in
experimental
urology. J. Ural.~,
1143-1147.
Crum R, Szabo S, Folkman J (1985) A new class
of steroids
inhibits
angiogenesis
in the presence
of heparin or a heparin
fragment.
Science 230,
1375-1378.
Dalton AJ (1955) A chrome-osmium fixative
for electron microscopy. Anat. Rec. ill,
281.
Denekamp J (1984) Vascular
endothelium
as
the vulnerable
element in tumors. Acta Radial.
Oneal. Q, 217-225.
Donhuijsen
K, van Beuningen D, Budach V,
Schmidt U (1988) Instability
of xenotransplanted
soft tissue
sarcomas: morphologic and flow cytometric results.
Cancer 61, 68-75.
Endr ich B, Hammersen F, Gatz A, Messmer K
(198 2) Microcirculatory
blood flow, capillary
morphology, and local oxygen pressure of the hamster
amelanotic melanoma A-Mel-3. J. Natl. Cane. Inst.
68, 474-485.
Flanagan SP (1966) "Nude", a new hairless
gene with
pleiotropic
effects
in the mouse.
Genet. Res. 8, 295.
Folkman- J, Langer R, Linhardt
RJ, Haudenschild C, Taylor S (1983) Angiogenesis
inhibition
and tumor regression
caused by heparin or a heparin
fragment
in the
presence
of
cortisone.
Science 221, 719-725.
Gabbert H, Wagner R (1983) Tumorzellproliferation
und Tumorvaskularisation
experimentell
erzeugter
Dickdarmkarzinome
wahrend frUher Wachstumsphasen
(Tumor cell
proliferation
and t umor
vascularisation
of experimentally
produced colon
carcinomas during early growth phases).
In: Mikrozirkulation
in Forschung und Klinik, vol. 2, Vaupel P, Hammersen F (eds),
Karger AG, Basel-MUnchen-Paris-London-New
York-Tokyo-Sydney, 107-113.
Gassmann A (1899) Zur Histologie
der Roentgenulcera.
Fortschr.
Roentgenstr.
1., 199-207.
Giovanella
BC, Siehlin JS, Williams IJ, Lee
SS, Shepard RC (1978 a) Heterotransplantation
of
human cancers into nude mice. Cancer 42, 22692281.

334

The Vascular

System of Xenotransplanted

s tances and regulation
of tumor blood flow ) . In:
Mikrozirkulation
in Forschung und Klinik,
Vol. 1:
St ructure and Function of Endothelial
Cells, Messmer K, Hammerse n F (eds) , Karger AG, Basel-MUnchen-Par is-London-New York-Tokyo-Sydney, 69-77.
Revesz L, Si racka E (1984) Tumor vascularization , hypoxia, staging of tumors and radiocurability.
Strahlenther.
Dnkol. 160 (11), 658-660.
Rubin R (1985) Cancer as a dynamic development disorder.
Cancer Res. 45, 2935-2942.
Rubin R, Casaret t GW71966a) Microcirculation of tumors. I. Anatomy, function
and necrosis . Clin. Radial. 17, 220-229 .
Rubin R, Casarett
GW (1966 b ) Microcirculation in tumors . II. The supervascularized
state
in irradiated
regressing
tumors.
Clin . Radial .
.!l, 346.
Scherer E (1986) Warum Suche nach Individualisierung
bei der radiologischen
Tumortherapie?
(Why searching
for individualisation
in radio logic tumor therapy?).
Strahlenther.
Onkol. 162,
621-623.
Solesvik
DV, Rofstad EK, Brus tad T (1982)
Vascular structure
of five human malignant melanomas grown in athymic nude mice. Br. J . Cancer
46, 557-567.
Song CW (1978) Effect of hyperthermia on vascu lar functions
of normal tissues
and experimental tumors. J. Natl. Cancer In st . 60, 711-713.
Song CW, Rhee JG, Lewitt SH (19 80 ) Blood
flow in normal tissues
and experimental
tumors.
J. Natl. Cancer In st. 64, 119-124.
Stei nberg F, Konerding MA, Ki:irver G, Streff er C (1987) Examinations
of necro sis in xenotransplanted
tumours.
Quantitative
measurements
and correlations
with the vascular
system, ce ll
proliferation
and tumour growth. Immunobiol. ill,

Tumors

of tumors. In: Tumor Blood Circulation:
Angiogenesis, Vascular Morphology and Blood Flow of Experimental and Human Tumors, Peterson HI (e d ) , CRCPress, Boca Raton, FL, 1-47.
Warr en BA (1979 b) Tumor angiogenesis.
In:
Tumor Blood Circulation:
Angiogenesis,
Vascular
Morphology and Blood Flow of Experimental
and
Human Tumors, Peterson HI (e d ), CRC-Press, Boca
Raton, FL, 49-75.
Discussion

with Reviewers

J. G. Walmsley:
Would the tumors used for this
study grow in the mouse which was not immune-deficient? If so, what would you suspect would be the
difference
in the rate of tumor growth and the
type of vascularization?
Authors:
Prior to the introduction
of the nude
mouse model by Flanagan (1966), the experience
of
numerous groups has shown that it is extremely
difficult
to transfer
human tumor material to nonimmune deficient
animals. Immune reactions
in general prevent
the growth of human tumor cells
after transplantation.
A. Lametschwandtner:
Did the authors
try to do
any correlation
of the vascularity
of the tumors
with their passage numbers, i.e . might there be a
change in growth behavior during passaging?
Authors:
The aim of this study was primarily
to
study the tumor vascular
system qualitatively.
However, we are aware from our own as yet unpublished
results
that considerable
changes in the
parameters
measured here such as proliferation
behavior,
histopathological
classification,
DNA
conte nt, number of micronuclei
and growth rate
can occur during the course of passaging.
According to the studies by Donhuiysen et al. (1988),
the degree of differentiation
and malignancy can
change in both directions.
It is therefore
likely
that the function and morphology of the vascular
system will also change in the individual
passages . Up to now we have not attempted
to find a
direct
correlation
between vascular
density
and
tu mor passage number because the known intraand
interindividual
heterogeneity
will
additionally
complicate this question.
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J. G. Walmsley:
Could the necrosis
you describe
be the result
of poor metabolite
distribution
as
a result of a functional
sinuses rather than functioning blood vessels in the center of tumors? Is
it possible
that the sinuses
that you have observed or the India ink filled
regions
at the
center may be totally
afunctional?
Authors:
The development of necroses is almost
certainly
a multi factorial
process,
in which the
oxygen s upply ( Vaupe l et al., 1981, 1987), the nutritive
supply
(MUller-Klie ser,
1987, personal
communication)
through the vascular
system ( Tannock, 1970; Gabbert et al.,
1983) and the effec t
of specific,
ne crosi s-inducing
factors
such as
the tumor necrosis
factor (Old, 1985) play a major role.
From our
present
morphological
investigations
we are unable to assess to what extent
the described
si nusoids are involved
in perf usion. Based on physiological
studies,
Vaupel et
al. (1987) have however pointed out that both the
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M.A. Konerding,

F. Steinberg,

V. Budach

of the vessel. Please comment on that.
Authors:
The longitudinal
orientation
of the endothelia
as shown in fig. 4 should more closely
reflect
the intravital
situation.
There are reasons to believe
that the circular
form shown in
fig.
2 is due to an artifact
of fixation.
From
our experience
( Konerding et al., 1988) in vessel
replicas
which have circular
constrictions
there
are no endothelial
impressions
whose axis
is
orientated
vertically
to the vessel.
This has
also been reported by Matti et al. ( 1987 ).

flow rate as well as the overall perfusion
of the
sinusoids
is small and which can lead to stasis
and reverse shunts.
J. G. Walmsley:
When the animals or tumors were
being macerated was there any tendency
for the
finer vessels or sinuses to fall off the cast?
Authors:
Particularly
in the case of larger
tumors with volumes greater
than 1. 5 mml, vascular
breakages
and loss of individual
segments were
seen due to the lack of hierarchy
of the vascular
system and the various vascular densities
as well
as varying diameters.
This artifactual
problem
was taken into consideration
in the evaluation
of
corrosion
cast specimens by a thorough search for
breakages particularly
in the vicinity
of avascular regions.
In this case, it is possible
to differentiate
between artificial
and de facto intravital
avascular
regions with sufficient
accuracy
provided there is a good filling.
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J.G. Walmsley:
Were any precautions
necessary
to
prevent the lo ss of cast segments through the use
of detergents
to reduce surface tension or with a
special rinsing technique?
Authors:
At the beginning
of these studies
we
realised
that the maceration
had to be carried
out much more carefully
because of its own low
s tability
than with corrosion
cast s pecimens of
normal vessels.
However, the use of detergents
to
lower the surface tension was dispensed with because the specimens were not air-dried
but freezedried instead.
To prevent vessel breakages during
the washing s we have, as suggested by H. Di tr ich
(perso nal communication,
1987 ), tried
to avoid
turbulence
as far as possible
by introducing
se veral mes h filter s with s low flow. The higher quality of the casts justifie s the longer time involved.
J.G. Walmsley:
I s it not possible
to quantify
the vascular densities
us ing the freeze-broken
tumor tissue?
Author s: Thi s s hould be quite pos si ble with smaller tumor s and adequate preparation.
We hav e , however,
favored
ink-injection
for the de scri bed
quantification
since the vascular
densitie s even
in larger specimens could be determined much more
quickly by this means. Furthermore,
in our opinion it is not permissible
and repre se ntative
to
study only small areas in view of the given heterogeneity
of the vascular distribution
in individual tumors.
J.G. Walmsley:
With respect to fig. 4.: How were
you able to get impressions
of the cell borders?
This is typically
only achieved by the use of si lver staining.
Authors:
We assume that
this
usually
not so
clearly
expressed phenomenon arises
in dependence
on fixation.
We have observed this
more often
when using very fast ( intravi tal ) acting fixation
and more rapid injection
of the casting
medium
than with unfixed specimens ( Kas et al., 1987 ) .
A. Lametschwandtner:
From figs. 2a and b a circular arrangement
of endothelium
becomes evident.
Interestingly
in fig. 4 endothelial
cell borders
are orientated
parallel
to the longitudinal
axis

336

